A novel and simple design of a quasi-self-complementary antenna for ultra wideband applications is presented. The proposed antenna, which is fed by a 50 V coplanar waveguide without using a matching circuit, can offer an ultra-wide 10 dB impedance bandwidth. It also features a compact and small size, only 0.22 l at 1.3 GHz, which is the lower end of the bandwidth. Good agreement is achieved between the simulation and the experiment.
Introduction: The miniaturisation of ultra-wideband (UWB) antennas has been receiving increasing interest from both academia and industry, owing to the integration requirement of entire UWB systems. During the past few years, many varieties of compact UWB antennas have been proposed and investigated, such as circular and elliptical monopole/ slot antennas [1, 2] , a small swan-shaped antenna [3] , and an orthogonal half-disc antenna [4] . These broadband antennas exhibit wide operating bandwidth, satisfactory radiation properties, simple configurations and ease of fabrication. Besides the above-mentioned UWB antennas, another candidate to realise a broadband characteristic is the self-complementary antenna.
The self-complementary antenna (SCA), first proposed by Mushiake [5, 6] , is obtained when an antenna and its complement are identical. Ideally, a self-complementary antenna has a constant input impedance of 188.5 V, independent of the source frequency and the antenna geometry. Some recent research efforts have been devoted to SCA design and analysis. In [7] , an SCA formed by a monopole and a slot was proposed and studied, [8] presents a printed self-complementary spiral antenna. In spite of all the impressive prospects promised by these SCAs, it has to be noted that a matching network is required to transform the input impedance from 188.5 to 50 V in order to integrate with the RF front end. This has limited the bandwidth of this type of antenna. For example, [9] investigates a broadband printed quasi-self-complementary antenna, which is excited by a mini 50 V coaxial line, thus avoiding the bulky matching circuit. However, the bandwidth of this antenna is only adequate for 5.2/5.8 GHz WLAN operation but not for UWB applications.
In this Letter, a novel design of printed quasi-self-complementary (QSC) antenna fed by a 50 V coaxial cable without a matching network is proposed for UWB applications. It has been shown that the optimal design of this type of antenna can yield an ultrawide impedance bandwidth with reasonable radiation properties. Figure 1 . A half circular disc and a rectangular patch loaded with a half circular slot are printed on the same side of the dielectric substrate (in this study, the FR4 substrate of thickness 1.6 mm and relative permittivity 3.0 was used). L and W denote the length and the width of the dielectric substrate, respectively. In addition, a small coplanar-strip-like matching section is added to connect the half circular disc with the SMA coaxial connector. The dimension of the half circular slot is chosen to be the same as the half circular disc with a radius of r ¼ 12.5 mm. h is the height of the feed gap between the bottom of the half circular disc and the coplanar strip. s represents the spacing between the small matching section and the rectangular patch.
Results and discussion: The simulations are performed using the CST Microwave Studio TM package which utilises the finite integration technique for electromagnetic computation [10] . The prototype of the printed circular disc monopole antenna with optimal design, i.e. r ¼ 12. 5 Fig. 1 , was built in the Antenna Measurement Laboratory at Queen Mary, University of London (QMUL). The return losses are measured by using a HP 8720ES network analyser and the radiation pattern measurements were carried out inside an anechoic chamber. Fig. 2 shows the simulated and measured return loss curves. The measured return loss curve agrees well with the simulated one in the entire UWB frequency band. The simulated bandwidth ranges from 1.3 GHz to more than 12 GHz; this UWB characteristic of the QSC antenna is thereafter confirmed in the measurement. Most importantly, it is also noticed that the antenna size at the lowest frequency (1.3 GHz) is 0.22 l. Compared with all the current UWB antenna designs published in the literature, this QSC antenna offers a rather small size, for example, 36% reduction in area compared to that in [3] .
The measured and the simulated radiation patterns at 4.64 and 8.1 GHz are shown in Figs. 3 and 4 , respectively. The patterns obtained in the measurements are close to those in the simulation. It is noticed that the H-plane pattern is reasonable over the entire operating bandwidth.
Conclusions:
The printed quasi-self-complementary antenna fed by a 50 V coaxial cable is proposed and investigated. It is demonstrated numerically and experimentally that the proposed printed quasi-selfcomplementary antenna can achieve an ultra-wide impedance bandwidth, from 1.3 GHz to more than 12 GHz. The antenna also exhibits a compact and small dimension, only 0.22 l at 1.3 GHz. The results show this antenna is a good candidate for UWB applications.
